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i . ixTRorucriOH 

Increased use of radioactive materials ard the interest in nuclear 
power reactors has added impetus to the search for good shielding materials. 
?os* of the desirable properties for a nuclear reactor opioid arc (1) high 
density to minimise tbickress, (2) hl»;h content cf light elements for the 
degradation of tee neutron flux, (3) high content cf heavy elements for 
the degradation cf gaaara rays, ( h } low coat, (5) ease of' fabrication and 
installation, (6) reasonable structural strength, stability under 
irradiation and stability lender hot, raoiei or dry conditions. 

♦ater er.d the hydrocarbons are effective neutron shields but arc 
inefficient gearaa ray shields. Lead is an excellent gases* ray shield but 
is a poor neutron shield. It would be necessary to combine miter and lead 
to obtain an efficient reactor shield. Concrete is one of the few materials 
that coabir.es all the above desirable qualities to any satisfactory degree. 
For this reason concrete has been used rather extensively as s shielding 
material . 

Gal labor and litres (1) state that the required concrete thickness is 
deteiisined by the required gssara ray attenuation, end not by the required 
neutron attenuation. The light decent content of the concrete is usually 
sufficient to reduce the neutron flux to the desired level when the ganna 
rays 1 avc been reduced to the desired level. 

The theory of gccr.a ray attenuation has been well established and 
discussions of this theory can be found in any standard nuclear p't ysics 
text beck such as Kaplan (2, pp. 322-356). 
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The basic prorert/ of the attenuation of gtniaa rays is the exponential 
decrease in the intensity of radiation as a homogenous bean passes through 
s t v in slab of materiel. For & homogenous teas* cf initial irter.sity I c , 
with intensity I after passage through a rocierlal of thlofcness x, the 
relationship Is 

I * I 0 m~S* 

where the constant yU is defined as the linear absorption coefficient. 

This constant can be determined by either theoretical or experimental mesne. 

The interaction of garrau rays with matter is described by three R&jcr 
processes, merely, (1) photoelectric absorption, (2) Coaptoa scattering, 
and (3) pair production. The absorption coefficient depends on the nature 
of the absorbing note rial as well as the energy of the incident photon, 
and no single formula cr r wage-energy curve has been obtained for all 
saterlsls. For the probability cf each of the above three rrccessco as a 
function of energy, formulas can be derived by the use cf qu; stum -;ec.'.anic8. 
Tire probability can be expressed as &rs absorption coefficient or cross 
section. The total absorption coefficient is the sum of the three partial 
cross sections evaluated as a function cf energy for a given material. 

The contribution of each process varies with the energy and tho 
material . In the photoelectric effect all the energy of th© photon is 
transferred to a bound electron which is ejected from the ate®. This 
effect is most important for g&ssra rays with energies less than 0.5 Ifev. 
and for el3orbers of high atoatc Timber. 

Tn Compton scattering the incident photon is scattered ty an atomic 
electron. The photon moves off at an angle with its initial direction and 
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with lees than its initial energy. This effect is most important for 
absorb era of low atomic nueber end la the predominant process even in 
elements of hiyh atonic number when tho energy range cf the incident photon 
Is between 0.6 &ev. and 3 'ev. 

The pair production process involves the creation of a positron- 
electron pair by the absorption of a nbotan. The process cannot tabe place 
unless the photon energy is at least 1.02 Mjv. This process Is important 
for high gmaa ray energies and for cl events of high atomic number . 

Tho theoretical results fci* the evaluation of absorption coefficients 
have been collected and compared with exosri • ontal results in a review 
article by X avis van and . rents (3). The results indicate excellent agr«o- 
nent between theory and experiment. 

To obtain valid experimental results the restrictions of tho equation 
describing gsam ray attenuation must be considered, first, the incident 
bei-ra was considered to b© »or.c-er<©rge tie . Second, the been was considered 
to bo collimated, i.e,, scattered radiation left the beans and was not 
resc&ttarec' bad. into th® beam. Third, the absorber was thin. Lxperiaental 
arrangements which meet those restrictions arc considered to hare "good 
geometry". For "good geometry* arrangements, the gsrsma ray attenuation 
equation is valid, and the absorption coefficient can be determined by 
measuring beam intensities fer various absorber thinnesses. 
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II. \t?ai- GF LITLi TFAS 

The thickness of a concrete shield ie d etc rained by toe required 
reduction in gtassa rcy intensity* 8 yder (li, p. 123 ) states that «s a 
rough approxiosticn, the ratio of tee density of two :\s teriale is equal to 
the ratio cf their absorption coefficients in the energy range of 1 ev, 
to 3 ’**v. Thus, high density concretes ere desirable in order to doer-ease 
the required thickness of the shield* 

! 'ea?y concretes have been used es the shielding naterial for wany of 
the reactors now in o ©ration. The review article by Crdlsher am? Kitscs 
(X) list© tee conn o»l tiers and nixing fcruula for several of these heavy 
concretes. It also ccrjparee tee properties for the various concrete s. 
Composition And shielding properties for *ost of tee heavy concretes in 
use, or proposed, have been collected and reviewed by Snyder (h) and 
. urgarferd (5, fr>. 715-73#)* In sost esses, tec density of the concrete 
is increased by using iron filings cr punching® as tee hea-y ©„ , :*rec«tft. 

The concrete density can bo doubled by this seethed. ly using a barytes 
ore as bote the fine and course aggregate, tee density of the concrete can 
be Iner aoed 50 percent. 

The selection and placing cf high density concretes is discussed by 
Davis (6). The special techniques required to obtain a sound shield are 
discussed £3 well as the difficulties encountered with embedded Items and 
access holes through the shield. 

A cost cos srison of high density concrete shields la cade by lone 
(?). bine© special tec v riques and handlin, equic, t .nt arc required for 
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high density concreted t o cost is considerably higher. The gain in 
shielding volume reduction for hi^h tensity concretes rust b* bal*nccd 
against the Increased cost. The s.-ace available for shielding must also 
bo considered when determining the shielding a*»t 'rial . 
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III. IX?:3TTCUTIC* 

The uro of slag ag a fine aggregate in mortar ms studied to determine 
the effect of the slag on the absorption coefficient. "ince a mortar of 
t K is ty^e can fco mixed and ca 3 t by standard techniques, the cost as con- 
••>srec3 to standard mortar *111 be directly proportional to the coot of the 
slag as con>arc-d to the cost of the aand normally used in a given area. 
Since power reactors ’will probably be situated near industrial ares®, th«* 
cost of slag will notably coarsre favorably with the cost of tbe sand. 

Heavy nertar could fee used with the presently used high density 
course aggregates thereby further increasing the density of the concrete 
with little or no cost increase. 

k study m . s inode to determine whether there would be any gain in the 
gasamA ray attenuation by keeping the cor ter saturated with water. 

The study was conducted at only me energy level, 1.25 '-av* 
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17. WiT'ttKT AW MTSJLUL 
A, delation Source 

A Co^ source cf cprrcxiastoly 2.5 millicures strength vk-s used in 
i v in study. The source wes ere rent ae cobalt chloride in an aluetmn 
container . The source was cylindrical in chape with a dimeter of 1/6 
inch and 1/16 inch thick. The aluminum container was also a cylindrical 
dick with a 3/8 inch diameter and 3/16 inch thick. The source was con- 
tained In a h by U by 6 inch lead block. A 7/6 inch hole was drilled in 
one of the h by 6 inch faces to a depth, cf 2-1/h inch. The source was 
placed in the bottom of this holo with the axis of the cylinder -ar&llcl 
to the axis of the hole. 

The Co°® source h&s two photons emitted in cascade with energies of 
1.17 ‘ ev. and 1.33 'ev. For this study m average energy of l.?5 ‘ev. 
was used and no corrections were made for self absorption or absorption 
in the aluminum container. The source has a half life of 5.2 years so no 
correction was necessary for its gamma ray decay. 

B. Tc tec tor and Apparatus 

Hie detector used was a mica end window Ceigor-. ucller tube, model 
f'33, manufactured by the gwcleor Instrument and Chemical Corporation. The 
mica end window was 3*5 ®c/cr? thick. The disaster of the tube measured 
1.375 inches at the window. Trm tube was operated at a 950 volt potential. 

The scaler used was a model 200 scaler manufactured by the radiation 
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Instrument I'evelopEent Laboratory. The scaler was operated edth the 
discriminator set at 60 and with the gain set as 1/1 6, It was found that 
with the tain set cry higher, the sensitivity of the Instrument ws so 
great that it was effected by outside disturbances. 

Tests wore conducted with the ap r status on a 100- sicrocurlo Cc^ 
source. The results showed the setup to be 2 j ercont efficient for the 
detection of gamma ray®. 



C. Shielding 

Several 2 by li by 9 inch lead bricks were built up around the source 
end the detector tube. The bricks were so placed as to provide U inches 
of lead around both the source and the detector tub© to reduce the scatter- 
ing effect. The four inches of lead around the source and detector reduced 
the intensity of the incident baa® to less than C.01 percent of its initial 
intensity. 

Four load blocks, labeled B, C, E, and 1, and whose dimensions are 
shewn on Figure 1, wore used to collimate tho radiation beats. The blocks 
were also present to reduce the radiation scattered by tho absorbers frero 
reaching the detector. 



l>. Geometry 

/t photograph showing the general experimental layout la eh own In 
Figure 2, The diner: si or. s for the layout sr.re given in Figure 1, This is 
similar to the configuration used by revise on and Ivans, (8) fer the 
d*texnrrf.ration of absorption coefficients. 

Too holes in the collimating blocks arc of such a else as to give tho 
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Figure 2, layout. 



defector tub# an unrestricted view of the source. These c; echo ell min© be 
Kucii of t fce scattered radiation since their thickness reduces the Intensity 
of a beaia ncna&l to their face to Go percent of the initial intensity# 

Sire© fee average source energy ess i.25 -ov., the attenuation of fee 
photons wae duo almost entirely to Cemoton scattering. The analysis of 
aultiole Ecatfcorir.es ic complicated, and the results are involved. Tho 
analysis fer single scattered photons ’. as been prerented by raviaean end 
.vans (3). The results are an oxter. cation of fee work originally done by 
; eitter (9). 

For the case fleers the absorber is net close to either tho source cr 
the counter, the ratio of singly scot fer ed rbotens striking fee detector 
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to the masher of unscettered p otons otriking the detector, ^/O 1* 
ernresoed es 

•V8 * ». * • 



w* ore !» e is the r, ureter of electrons per cubic cor. time ter of absorber, X is 
the absorber thickness, and ^0®° is the cross section for the total photon 
energy scattered through an angle 9 0 . Fox* small angles, 9 0 lers than 5 . 

,2 
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For the experimental layout as shown in Figure 1 the maxlmue scatter- 
ing angle was determined to be 3*2°. The angle was measured in the follow- 
ing manner, A line was drawn from one edge of the source across the center 
line to the edge of the hole in colliafiting block C at the absorber face. 

A lire from this point was drawn serosa the center line to the edge of the 
detector face risible behind collimating block T. The angle between these 
two lines was defined as the maximum single scattering angle . 

Ten cm. of lead were aarumad as the extreme case for this study, S/B 
was computed to be .0200. Approximately 2 percent of the total count would 
be the naximua possible error caused by singly scattered photons reaching 
the detector. Mo corrections were isadf? to the counting data for this 
scattering. 

In view of the result, any variation in the detector efficiency &s a 
function of energy of the incident photon can be ignored. 

In order to determine the accuracy of the experimental setup, an 
absorption curve for lead was determined and is shown In Figure 3* Standard 
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Figwr© 3* t®*<3 »L®csrpti<m ant* 
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deviation for the counting was maintained below 2 y orcont. The value of 
the mass absorption coefficient determined to be .0570 os^/ga. L'evisaon 
and Kvana (3) list the mass absorption coefficient for load as .C57ij for 
1.25 ov. 

This absorption cum Indicates that while multiple scattering and 
secondary radiation due to annihilation radiation or br eras ctrab lung ware 
ignored the effects ar© negllgable. 



S. Absorbers 



the absorbers used were 2 by 2 by l* inch sorter blocks. The compo- 
sition of the blocks was varied, and the absorption coefficient van 
determined for each composition. The cewoosltion and fabrication of each 
sot of blocks is discussed in detail in the section on Procedures. The 
chonieal analysis of the ingredient® was not obtainable but T&bla 1 shews 
the normal compositions of the cement end slag. The sand was assumed to 
be 100 percent KiOg, and no information was avsilablo concerning the fly 
&zh . 

Table 2 shows the particle distribution as determined by screening 
tests and Table 3 gives the densities of all the ingredients. The data 
given in Table 2 are also plotted in Figure 16. 
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Table 1. Choir.! cal composition of cenent and alag in percent weight 
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^These are average values as r ported by the producer. 
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Table 3. Tensities of materials 



Material Sand flag Fly ash Portland ccnont 

Type I 



2.55 



Tensity, -n/ca3 



2. GO 



2.75 



3.20 



16 



V, PtOC LIMMB 



As noted previously the composition of the aortar blocks wno v-ried 
for this investigation. In all, ei^st different mixtures were tested. 

Tho compositions of the eight aixturas are shorn in Table lj and are labeled 
A through H. In mixtures h to G the porcontago by weight of cement and 
water were held constant. For mixtures A to t, the amount of slag replac- 
ing the sand was varied. Ae toe sl&g content was increased, the mixtures 
appeared to be coco vexy harsh. As m aid tc reducing the cournemees, fly 
ash Wv 3 added aa part of the fine aggregate in mixtures T and G. In 
mixture 8 an attempt was made to increase the total aggregate using slog 
and fly ash. 

The procedures used for mixing and casting of tho blocks wore the 
earae for all mixtures. The cement, fly ash if present, and about one- 
f curth of the aggregate wore thoroughly mixed. Tho water was ad"’ed and again 
mixed with a hand trowel. The remainder of the aggregate was added in 
small amounts and rained. Chen all the aggregate wa® added, tho mixing 
continued for several minutes to insure & consistent distribution of 
ingredients. 

The machined steel mold contained twenty-four 2 by 2 by h inch eora- 
partmnts. Kcrm&lly 12 blocks were cast for each mixture. The compartments 
were filled about one-third full and then redded 25 to 30 tires. This 
process was reseated two more times to fill the mold. Additional mortar 
was spread over the top end worked down with & trowel. The excess mortar 
was removed leaving the mortar in the mold level with the top. The sold 
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was then covered with Bolstered burlap and allowed to stand for two days* 
The bleeps wore re oved fro® the mold, and six blocks wero stored in water, 
while six were stored in air. xha llocks stowed in water are defined as 
st«. dard blocks, and the blocks stored in air are defined as air dried* 

The absorption coefficient w«s determined both lit and 28 days after 
the blocks were cast* The air dried bloc s had only to bo weighed and 
then tested as absorbs: a . The stand ard blocks were removed from the water 
tanks and blotted dry with paper towels to remove the surface moisture. 

They were then weighed and tested as absorber a . After the la day test, the 
water cured blocks wore returned to the writer tanka. The ti*«a required for 
these blocks to be out for the water was normally not over two hours. 

The volume of all the blocks was considered to be cons tent. After 
detemining the weight, the density was computed in pr</c r 3, Using a two- 
inch thickness, the absorber thickness in gn/ca^ was computed fer etch 
block. The blocks wore then used as absorbers and the counting rctc was 
determined for 2 inch intervals of absorbers up to a total of ten inches. 
The corrected count versus absorber thickness was plotted on semi-log 
paper, the slope of the straight lire obtained was the Baas absorption 
coefficient, js/p • Using the average density obtained from 6 block#, the 
linear absorption coefficient was computed for both the air dried and 
aterd&rd blocks for each mixture* 

At the start of each day, iho source was removed from the area and a 
back ground count was taken. All counting data were corrected fer this 
background. The background count was cheeked every three hours during the 
remainder of the day. After returning the source to the apparatus, 
several points on a plateau curve were taken to insure eatiafneiory 
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operation of the detector tube. 

Sinco maxima ecun ting rats for aero ul sorter w. $ stout 3*000 counts 
per minute, no correction wan mad© for counter dead time. 

The standard deviation for all counting data was maintained below 2 
percent as this was the maximum predicted error for single scattered 
radiation. 

The coaoressivc strength of the mortar blocks was determined 2 , days 
after casting. Three blocks from both the air dried and standard sarnies 
for each mixture were tested. All corr rensive tests were made along the 

4 

four inch length of the blocks. The average of the three blocks was 
, reoerted as the com. receive strength. After being used as absorbers, the 
standard blocks wore re tor; ®d to the water tanks for several hours before 
they were tested for compressive strength. This permitted the blocks to 
regain any moisture they sight have lost. 

Ac a representative sample the data obtained for mixture & hen boon 
included in the Appendix. 

Tests were conducted to determine if the orientation of the r.ortsr 
blocks had any effect on the results. Two blocks each frcaa five different 
mixtures wore selected at random. The counting rate w&a rioterrdnsd for a 
tso inch thickness of each block. The block was then rotated 90 degrees 
about the four inch axis, sr.d the counting rate wss determined a record 
time for a two inch thickness of the same block. Comparing the t*o count- 
ing rates for each block it was determined that, with two exceptions, the 
deviation between the coiriting rates was less then the standard dovistion. 
The two exceptions were beth sir dried blocks fro® mixture M . The two 
counting rates fox* each of those blocks deviated fro® the verago counting 
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i 

t< te for BEch block by 1.1*3 percent and 1.59 percent. toe standard 
deviation for the sane two blocks were 1.18 percent and 1.1? percent 
respectively. 

Two blocks fro® each six turn were coed jointly, each bio-’-- providing 
two inches cf absorber for a total of four inches of absorber, and the 
counting rate was determined. Each bio C was then used separately to pro- 
ride four inches of absorber, and the counting rate was determined. Comper- 
ing the three countin' rates obtained for each mixture, it was determined 
that the deviations were less than the standard deviations in all five 
mixtures. 

Those toots indicated that the absorption coefficients obtained for 
toe mixtures were independent of toe orientation of the blocks used as 
aboorbers • It should lie noted that while toe deviations in counting rates 
for several of the blocks did not excede toe standard deviations, they 
did approach toe standard deviations. The mixtures for which this occcred 
are noted in toe section on lesulte and Tiscussion as being porous* 
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vr. ' V ui.tr amv discission 



The tabulated results for the lh ant 1 2 day absorption coefficient 
tests, as well as the 29 day compression tests, are given in Table It. The 
•beerption curves for the 20 day taste only ere shown in Figure It to 
Figure 11. As an aid in evaluating the results, the densities, linear 
absorption c efficients, and the compressive strengths wore plotted versus 
the percentage of slcg content. These results are shown in Figure 12, 13 
and lit, respectively. 

The plot cf density versus slag content, Figuro 12, indicates not 
only the average density for five blocks, but also the spread of these 
densities. The standard mixture t, 1? percent slag, and air dried 
mixture C, 35 percent slag, show marked decreases in density. Thio density 
decrease causes s decrease in the linear absorption coefficient, as is 
obvious in Figure 13. The c-onrresaive strength tor these two points also 
taker, e definite drop as shown in Figure lij. This indicates that the 
sarnies in question were probably too perous. The only apparent explanation 
for this pcrcsity is that there was a deviation in the aixinp, or casting 
technique. The general trend shown in Figure 1? is for the density to 
Increase to a maximum and then drop off. The compression strength decreases 
with increased slag so shown in Figure lij. This indicates the mixtures are 
becoming increasingly porous. This porosity was evident by the surfs ce 
condition of the blocks as shown in the photograph in Figure 15. The 
results of the screen teats for the sar.d ar.d slag ere plotted in Figure 16 
which clearly shows the slag to be more coarse. 



lable ij. Coapositicn and experimental results of the fixtures tasted 
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Figta** *>, fixture 8 absorption corvo# 
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Figure 12* Variation of «p*«i«©n drtmligr at 23 daya 
*iih b!i> 2 content* 
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Iguro 13* Variation of line#? absorptive coefficient «dth 
#lc£ content# 
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3 I&Ufc’O ils* Variation In co rcsrlva airencVi rlth elag 
content# 
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Figure 15. • holograph shoeing surface condition of test 

blocks. 



Tie net result of this test dota io that, while the slag increases 
the density, it also increeses the porosity end there is no gain in th© 
linear absorption coefficient. In fact, th© absorption coefficient 
d«e rear©:? with increased slag. 

tie addition of fly ash with the slag eliminates the coarse effects 
of the si a;: in the aggregate. Then© is a substantial increase in density 
as shown in figure 12 « The ccrnresn ion strength drops when no Band is 
used as shown in Figure lh, but the absorption coefficient increases m 
shown in Figure 13. titer© is a nftxlmMk increase in the absorption 
coefficient of 5.5 percent for tlo standard blocks end a 2,h percent 
increase for the air dried blocks. 

Pin co the cheat! cel analysis of the ingredients was not available no 
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exact ccararlson cf theory and ex orinent could be made. Tn order to com- 
. are the trends Indicated by the exp©rl»»f>nt*l tests with the theory, the 
absorption coefficients were coam-ted for mixtures A to E. The cowre- 
sitions as reported in Table 1 wore those used fer this analysis. The 
absorption coefficients were computed fer an incident photon energy of 
1.25 fc*v. 

The linear absorption coefficients for all the element* that appear 
in Table 1 were computed using the formulas presented by Siri (10). The 
partial linear absorption coefficients fer t .« elements wore cc-iputed using 
the following o H uat.icns: 

Photoelectric effect, 

t - '>•<” Tr, * 10-7 

Compton effect, 

G* ~ 0.22L <J*' ~ 

Fb * 

hair Production, 

7< « 2.725 ?T . -it- x xcr^ # 

The values used for lead were obtained fre »a curves os Trb * 0.1b, 

^ Fb ** 0.51 and ?f§% ** 0.002. The total linear absorption coefficient 
is the mm of the partial coefficients, ex /S » T’e C? + si . The jsass 
absorption coefficient was obtained by dividing by the density of tho 
elcfsent at 15° C. The computed mass absorption coefficients sre shown in 

Table 5. 
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Table 5. 1‘stm absorption coefficients 



Llersent 


yj jp cnVoa 


H 


.UiiO 


0 


.0577 


m 


.0572 


Al 


.0550 


Si 


.0573 


Ca 


.057U 


Fe 


.0533 



As & cheek on these valuer, the values listed by Htsngorfore (5# pp. 
71B-719 ) fer the elcaente, at energy values of 0.5, 1, 2, and 3 £*v . 
were plotted. The values determined from these curves at 1.2$ ev. agree 
with the above listed valuer. 

The ssass absorption coefficient for a fixture or compound was 
determined by the formula given by Faso (11, ft. 6Ul-6Li2), that is 

^ ^ h * h + 

where f^, fj, etc. are the fractional wight percentages of the ele&ent 
present. As an exanrle, the mass absorption coefficient for SiOj was 
obtained, using the values listed in Table 5, as 

ip - 23/60 (.0573) + 32/60 (.0577) * 



0.0576 



n i 
































", ' 
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The values computed for all the compounds present in the mortar are listed 
in Table 6* 



Table 6. ass absorption coefficient of sosae cctv our.ds 



Compound 


Jjjp vs? f&x 


KgO 


.06!i0 


5i0 2 


.0576 


F® 2 °3 


.05i|6 


ai 2 °3 


.0563 


CaO 


.0575 


MgO 


.057U 



The mans absorption coefficients for the conont and else wore 
obtained by the seme method used to determine the value® cf the compound. 
Tlie values are sheen in Table 7* 

It was necessary to determine the mount of tho initial water that 
was retained in the mortar blocks. One standard block from each mixture 
was permitted to dry out for a minimum of mo wook after the 22 day tests. 
These blocks lost, on the average, 3 pei cent of their weight when dry. 
Their dry weight averaged 2 percent higher than the eerreepo-ding air 
cured blocks. Assuming that the standard dry blocks had retained 30 
percent of tho initial amount of water, it ms doternined that the 
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Table 7. Hasp absorption coefficient of nortar ingredients 



Bate rial 



ca 2 /cja 



Sand 



Cement 




Slag 

!i 2 0 



.0 #6 

• 061*0 



standard wot blocks contained 50 percent of th® initial water, and the air 
cured blocks contained 15 percent of the initial water* 

Using the above figures, the weight percentages listed in Table U, 
for ceraent and aggregate, ware adjusted for the water loss* The case 
absorption coefficients for the standard and air cored condition were 
computed for mixtures A to E. These theoretical values ore listed in 
Table 8 along with the experimentally de to rained values. 

The theoretical values of the nass absorption coefficient indicate 
that there should be a 1*6 percent decrease in the mss absorption 
coefficient when slag is used as the aggregate. Froa Table 3» it was 
determined that the slag density is 9.8 percent greater than the density 
of the sand. To detciudne the density increase per block, the weight 
percentages for the standard blocks of mixtures A and h were converted to 
volume percentage. The volume percentage of sand in nixt-urs A was 72.7 
percent, while the volume percentage of slag in mixture t, was 69.7 percent. 
The ratio of the volume percentage times the ratio of densities gives a 
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Table 0* Theoretical *rsd experimental absorption coefficients 



Mixture 




JS/P 


m^/m 




.standard 


Air 


dried 


Theory 


Fxperlm* nt 


Thorny 


Experiment 


A 


.0579 


.0565 


.0576 


.0507 


B 


.0577 


.0563 


.057U 


.0576 


C 


*0575 


.0560 


.0572 


.0566 


1) 


.0573 


.0560 


.0570 


.0563 


C 


.0570 


.0555 


.0567 


.055S 



percentage weight increase of 5*0 percent. Since the blocks were the sane 
volume, this is also the density increase. 

The mass absorption coefficient decreases 1.6 percent while the density 
is increasing 5*0 percent. The linear absorption coefficient should 
therefore increase approximately 3.2 percent by replacing the sand with 
slag. The results show that this increase is not obtained. It is believed 
that the failure was caused by the porosity of fee mixtures. 

Since no information was available concerning the composition of the 
fly ash, a similar theoretical analysis could not be performed for mixtures 
F and G. The experimental results indicate that the use of fly ash end 
slag leads to js definite increase in the linear absorption coefficient. 
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vii. conaLusians 

The results of the tests of the gamma ray shielding proportiea of 
mortars containing slag indicate that the following conclusions sees 
justified i 

1. The use of slag as a fine aggregate result in a porous 
mortar. The shielding properties of this mortar ere re- 
duced as a result of this porosity. 

2. Th® use of fly nun in conjunction with slag at the fine 
&S£i*eg$.te in Eortar shows an increase in the linear 
absorption coefficient cf frost 2.5 percent to 5 percent. 

3. the use of water to keep the mortar saturated resulted 
in an increese of from 5 percent to 7 percent regardless 
of the aggregate used. 

It. Additional research could bo conducted to determine the 
ratio of sand, slag end fly ash which gives th© optimum 
linear absorption coefficient. 
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Table 9. Ccsr.poaition 



1 ato 


* sterial 


height 

1 • 


r ereent 
weight 


3/6/5? 


Cement 


6.0 


18.10 




Aater 


2.6 


10.90 




Slag 


15.65 


71.00 




Sard 


0 


0 



Table 


10. 16 day tost 


data . Tate i 


3/20/57 








Item 


'St. 


Tensity 


Thickness 


Count 


Time 


Net 


"ereent 




lbS • 


gs/ca 2 


cn^/gE 




min. 




deviation 


i&ckground 






652 


30 


161 1 




Standard 














1 


0 


0 


0 


15,101 


5 


3oo5±26 


0.8 


2 


1*38 


2.33 


12.12 


9,268 


6 


1530+16 


1.0 


■5 

->• 


1.38 


2.33 


26.26 


8,096 


10 


796+ 9 


1.1 


u 


1.35 


2.38 


36.36 


6,375 


15 


610+ 5 


1.2 


5 


1.37 


2.37 


h\hl 


6,376 


20 


206+ 3 


1.5 


6 


1.37 


2.37 


60.66 


2,966 


25 


106+ 2 


1.9 




Av. 


OT 












Air i 


dried 














1 


0 


0 


0 


16,093 


5 


2966+26 


0.8 


2 


1.31 


2.27 


11.52 


9,799 


6 


1618+16 


1.0 


3 


1.30 


2.25 


22.96 


0,'iOU 


10 


825+ 9 


1.0 


6 


1.2? 


2.23 


35.28 


6, 16 


15 


638+ 6 


1.6 


5 


1.31 


2.27 


65.60 


5,063 


20 


238+ 6 


1.7 


6 


1.29 


2.2; 


57.12 


3,370 


25 


119+ 2 


1.7 




Av. 


OF 



























. 
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Table 11. 2 day teat d*M. Betet L/3/57 



lies *t. 


Perr.lty 


Thic ness 


(*OUTlt 


Tiae 


let 


. ercont 




Ita. 


'-/m3 


ca2/ja 




win* 




t. eviction 


Packer ound 
Jtsndard 






1425 


30 


iii+ 1 




1 


0 


C 


0 


lh,l3!i 


5 


2 13^21 


0.9 


2 


1.37 


2.37 


12.0^ 


7,172 


2 


1120317 


1.2 


3 


1.37 


2.3? 


2U.10 


7# 506 


10 


7373; V 


1.2 


h 


1.36 


2.35 


36.05 


5,9.5 


15 


3 S±5 


1.3 


5 


1.36 


2.35 


•'a: .00 


5,053 


20 


1391 5 


1.6 


6 


1.36 

Av. 


2.35 


59.95 


2,d5l 


25 


1001 2 


2.0 


Air 


dried 














1 


0 


0 


0 


11,037 


5 


2793+2U 


0.9 


2 


1.23 


?.22 


11,25 


?,556 


5 


11497117 


1.1 


3 


1.20 


2.22 


22.50 


7,998 


10 


736± 9 


1.1 


h 


1.29 


2.23 


33.03 


6,615 


15 


«?9± 5 


1.2 


5 


1.27 


2.20 


laS.OO 


1,737 


20 


???+ I4 


1.8 


6 


1.27 


2.20 


56.1? 


3,3?0 


25 


121* 2 


1.7 




At. 


2.1’T 









Table 12. Cosrprosaive tost data, t&to: li/3/57 





.•.■tssdsrd 






Air dri ed 




Xteu 


Ter co 
lbs. 


; tresis 
Its/in*? 


Ftis® 


] OTCO 

lbs. 


1 tress 
lba/in2 


1 


8300 


2075 


1 


10,500 


2625 


2 


6000 


2000 


2 


9,20 0 


2300 


3 


3500 


2125 
Av. 206? 


2 


3,o00 

At. 


??oo 

2375 
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